Therefore, in order to examine the association of the above single-nucleotide polymorphisms (SNPs; rs1801260 and rs2304672) of key functional clock genes with susceptibility to PD, we recruited 646 patients with PD and 352 healthy controls in a Chinese Han population in northeastern China for a case-control study (Table S1 ). All the participants were genotyped for both SNPs using the Kompetitive Allele-Specific PCR (KASP) method. The genotype frequencies of CLOCK rs1801260 and PER2 rs2304672 among the controls were all in agreement with the Hardy-Weinberg equilibrium (all P [ 0.05).
As shown in Table 1 , a significant difference was found for CLOCK rs1801260 in a dominant model. Compared with the control group, the frequencies of the TC genotype (OR = 1.818, 95% CI = 1.212-2.728, P = 0.004) and CC ? TC genotype for rs1801260 (OR = 1.906, 95% CI = 1.296-2.805, P = 0.001) were significantly higher in the PD group. There was also a significantly higher frequency of the rs1801260 C allele in patients than in controls (OR = 1.868, 95% CI = 1.310-2.644, P = 0.001). However, no significant difference was found in the frequencies of genotypes and alleles of PER2 rs2304672 between patients and controls (all P [ 0.05), although the frequency of the GG ? CG genotype in the PD group showed a tendency to increase. Therefore, we further performed subtype analyses of PER2 rs2304672 by sex, and found that no significant difference remained for the genotype and allele frequencies within male or female subtypes (P [ 0.05). Logistic regression analysis revealed that an increased incidence risk of PD was significantly associated with the CC ? TC genotype of rs1801260 (OR = 1.648, 95% CI = 1.149-2.347, P = 0.034) when confounding risk factors were adjusted, such as age ([60 years old), family history (PD or Parkinsonism), toxic exposure (MPTP, insecticide, or weedicide), and depression (Table S2) . Circadian dysfunction involving sleep disorders, fluctuations of motor symptoms, dysfunction of the autonomic nervous system (thermoregulation disorders and circadian variation of blood pressure and heart rate) and even emotional dysregulation (usually caused to depression) coexists with PD [8] . In fact, there is much overlap in the motor and non-motor symptoms experienced by PD patients and in the consequences of circadian dysfunction. On the other hand, disruption of the circadian system is considered to have pervasive effects throughout the body and may itself lead to neurological disorders [1, 9] . To date, very few exploratory studies have examined the effects of circadian disorders on the susceptibility to neurodegeneration [5, 7] . In this study, we found that the rs1801260 polymorphism of CLOCK was associated with susceptibility to PD, even after we adjusted for common risk factors. To our knowledge, this is the first study investigating the possible association of CLOCK polymorphism with PD in a northeastern Chinese population. However, we did not find significant differences in genotypic or allelic frequencies for the rs2304672 polymorphism of the PER2 gene between patients with PD and controls, even in the analysis of subgroups. But a tendency for increased frequencies in the GG ? CG genotype and G allele was seen in PD patients. These results cannot exclude the influence of the small sample size and the specific region of participant selection.
CLOCK is the key gene that regulates the circadian rhythm and we found that the rs1801260 C [ T polymorphism of CLOCK was associated with the risk of PD. Thus we infer that disorders of circadian rhythm are related to PD pathogenesis. Kudo and colleagues found that mice over-expressing a-synuclein have a decreased rate of neuro-humoral output from the suprachiasmatic nucleus, suggesting that a weakening of circadian output may be a core feature of PD itself [10] , which may be caused by oxidative stress and mitochondrial dysfunction. Besides, PD is characterized by a deficiency of dopamine in the substantia nigra. While dopamine is a neurotransmitter of major importance at several levels of the circadian system, its metabolism and signaling activity are strongly influenced by the circadian clock. Furthermore, circadian dysfunction has been considered as a pathology of aging, causing aging damage of dopaminergic neurons in PD. All of these suggest that circadian dysfunction is not merely a typical symptom of PD, but also a factor that may promote its pathological process.
The present study confirmed that circadian dysfunction is associated with the risk of PD in a Chinese population at the genetic level and provided a potential genetic locus related to PD. However, there are still some limitations. The study was conducted in individuals from a Chinese population, and these findings may not necessarily apply to other ethnicities. Besides, other functional clock genes or loci should be considered and discussed for interaction with the CLOCK rs1801260 on PD incidence. The evidence available so far warrants further research into the role of clock genes in regulating the pathophysiology of basal ganglis. The mechanism by which these SNPs affect the pathology of PD also requires further functional studies. The Chi-square test was used to compare categorical variables. a P \ 0.01.
